Memecik and Ayvalik olive cultivars were harvested from Mugla province of Turkey and processed into oil using a three phase decanter. The oils of these cultivars were subjected to free fatty acid, peroxide value, ultra violet absorption, and fatty acid composition analysis. The results showed that all obtained values were very similar and within the limits of the International Olive Oil Council regulation for virgin olive oil. The oxidative stability in samples was assessed in terms of primary and secondary oxidation products using peroxide values and induction times, respectively. Total phenol and o-diphenol contents were determined by spectrophotometric assays. The antiradical capacity of phenolic fraction was determined by 1,1-diphenyl-2picrylhydrazyl method. These analyses showed that oxidative resistance, antiradical capacity, and the content of phenols and o-diphenols were higher for Memecik oil than Ayvalik oil.
INTRODUCTION
Virgin olive oil is a major part of the Meditterrian-based diet. Research has shown that olive oil can contribute to reducing cardiovascular disease and be a source of healthpromoting phenols. [1, 2] High monounsaturated fatty acid content and phenolic compounds support immune system function and are strong free radical scavengers. [3] Virgin olive oil is stable compared to other vegetable oils because of its content of natural antioxidants and lower unsaturation. [4] Polyphenolic compounds are minor components of virgin olive oil that contibute to oxidation stability of the oil. Virgin olive oil (VOO) contains different groups of phenolic compounds, including derivatives of benzoic (e.g., vanillic acid) and cinnamic (e.g., caffeic and p-coumaric acids) acids; phenyl ethyl alcohols, such as tyrosol and hydroxytyrosol; flavones, such as apigenin and luteolin; lignans, such as (+)-pinoresinol and (+)-1-acetoxypinoresinol; and secoiridoids, including oleuropein and ligstroside derivatives. The main phenolic compounds in olive oil are simple phenols, such as hydroxytyrosol (3,4-dihydroxyphenethylalcohol) and tyrosol 650 KIRALAN AND BAYRAK (4-hydroxyphenethylalcohol) , deriving from the glycosides ligstroside and oleuropein, which are abundant in olives. [5] Turkey is one of the most important olive producers in the world. According to 2006 statistics, there are around 130 million trees in Turkey. Olive production of Turkey is 1,766,749 tons and 555,749 tons of olives are used to produce table olives. However, the rest of the olives (1,211,000 tons) are used to produce olive oil. [6] According to 2007/2008 data of the International Olive Oil Council (IOOC), [7] the three major olive oil producing countries are Spain (1,228,100 tons), Italy (500,000 tons), and Greece (360,000 tons), followed by Tunisia (180,000 tons) and Turkey (160,000 tons). The production of olive oil mainly comes from the Aegean and Marmara regions. It is centered in the area of Mugla, Aydin, Balıkesir, and Izmir. The major cultivars in these areas are Memecik and Ayvalik. [8] Ayvalik cultivar's origin is Edremit in Marmara region. It is known as Edremit cultivar. Its synonmys are Ada zeytini, Alaca, Midilli, and Sakran. It is used for the production of both oil and table olives. Ayvalik cultivar comprises 19% of total trees in Turkey as well as 25.3% of the Aegean area. Memecik cultivar originated in Mugla province. It is also known as Asiyeli, Gulumbe, Milas, Sehir, Tas arasi, Tekir, Yaglik, Yaglik sari zeytin, and Yaglik celebi. Memecik cultivar accounts for 45.5% of the total trees in Turkey and above 50% in the Agean area. Like Ayvalik cultivar, Memecik olives are used to produce oil and table olives. [9, 10] Memecik cultivar is one of the major olive oil producing cultivars in the Aegean region. Ayvalik cultivar is the second most important cultivar to produce olive oil in this area. Some olive cultivars (Gemlik, Domat, Çakır, Çekişte, Çilli, Erkence, and Uslu) are cultivated in minor scale and they are produced in table olives in the Aegean area. Memecik cultivar is important for the Agean area in olive oil production and its oil has strong oxidation stability. In this area, Ayvalik cultivar is a new cultivar according to Memecik cultivar and there is little information about Ayvalik cultivar's oil oxidation stability. The aim of this work was to compare oxidation stabilities and antiradical activities of VOOs of Memecik and Ayvalik cultivars by using the Schaal oven test (60
• C), Rancimat method (120 • C), and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity method.
MATERIALS AND METHODS

Material
Olive (Olea europea L.) fruits of Memecik and Ayvalik cultivars were collected by hand from Yesilyurt in Mugla province in December 2006 and were extracted by a Rapanelli centrifugation system (Rapanelli, Foligno, Italy) with three phases. The temperature was less than 35
• C in all processing stages. Olive cultivars were identified according to morphological properties, such as tree, leaf, flower, fruit, and seed properties.
Methods
The maturation index (MI) was determined according to IOOC [11] and varied between 0 and 7. One hundred olive fruits are randomly taken from 1 kg of newly harvested olives, then MI is calculated as shown in the formula below:
where n 0 , n 1 , n 2 , . . . , n 7 are the number of olives belonging to each of the following eight categories: 0 = the skin is deep or dark green; 1 = the skin is yellow or yellowish-green; 2 = the skin is yellowish-green with reddish spots; 3 = the skin is reddish or light-violet; 4 = the skin is black and the flesh completely green; 5 = the skin is black and the flesh is violet to half-way to the pit (stone); 6 = the skin is black and flesh is violet almost to the pit (stone); 7 = the skin is black and the flesh is all dark. Free fatty acid (FFA), ultraviolet (UV) absorption characteristics (K 232 and K 270 extinction coefficients), and peroxide value (PV) were determined by the Ca 5a-40, Ch 5-91, and Cd 8-53 methods described in the American Oil Chemist's Society recommendations. [12] [13] [14] K 232 and K 270 extinction coefficients were calculated from absorbance readings at 232 and 270 nm using a 1% solution of oil sample in hexane and a path length of 1 cm. There was no Al 2 O 3 column treatment of the samples prior to spectrophotometry. Specific extinctions were calculated according to the formula below:
where K λ = specific extinction at wavelength λ, A λ = extinction (absorbance) measured at wavelength λ, c = concentration of the solution (g/100 mL), and l = light path of the cuvette (cm). Fatty acids were converted to their methyl esters [15] and injected onto a Shimadzu (Kyoto, Japan) gas chromatograph, fitted with a FID detector. Separations were performed using an Omegawax 250 fused-silica capillary column (30 m, 0.25-mm i.d., 0.25-µm film thickness) (Supelco, Bellefonte, PA, USA). Helium was used as carrier gas at a flow rate of 1.25 mL/min. Injector and detector temperatures were 250 and 260
• C, respectively. Column temperature was kept at 205
• C for 40 min. Samples of 0.5 µL were injected by an auto injector with a split mode (1:100). Fatty acid methyl esters were identified by comparison of their retention times with those of the reference standards. The content (percentage by weight) of fatty acids was calculated from their corresponding integration data. Peroxidizability index (PI) was calculated using the equation below:
[16]
Phenols were extracted following the method proposed by Kalantzakis et al. [17] Five grams of olive oil were dissolved 10 mL n-hexane to remove oil and were extracted with 10 mL of a methanol:water mixture (60:40, v/v) and then shaken vigorously by means of a vortex and centrifuged at 3500 rpm for 10 min.
The total phenols content was determined by adding the Folin-Ciocalteau reagent to a suitable aliquot of the combined extracts and measuring at 725 nm. [17] A 4-mL sample of each phenolic extract was added to 1 mL of a 5% solution of sodium molybdate dihydrate in ethanol/water (1:1, vol/vol) and shaken vigorously. After 15 min, the absorbance at 370 nm was measured to determine the o-diphenol content. [18] The values are given as mg of caffeic acid per kilogram of oil.
Oxidation stability test (Rancimat test) was performed using the Rancimat equipment at 120
• C (Metrohm Ltd., Herisau, Switzerland) with a continuous air flow of 20 L/h passing through the samples. The oil stabitiy index value (induction time) is defined as the point of rapid change in the rate of oxidation resulting in a sharp inflection point on the oxidation curve. This time was induction time and given in hours. [19, 20] The Schaal oven test was performed in an oven at 60
• C. About 60 g of the sample was poured into brown glass bottles, which were then placed in a heated oven. The samples were then removed from the oven at three consecutive times during 1 month and cooled to room temperature for 15 min prior to analysis. Peroxide and conjugated diene values were determined. [21] Pigments present in the oil samples were determined qualitatively by measuring the absorbance at 430-460 nm for carotenoids and 550-710 for chlorophylls and their derivatives. The oil sample was mixed with hexane 1:3 (v/v) for oil. The spectrophotometer absorbance was zeroed against hexane. The oil samples were scanned from 400 to 700 nm wavelength to get distribution of chlorophyll and carotenoid fractions in samples. [22] A Hitachi U-2800A UV/VIS spectrophotometer (Tokyo, Japan) was used for spectrophotometric measures. All samples were run in duplicate and averaged.
The radical-scavenging properties (RSA) of olive oil polyphenols were assayed by the (DPPH) radical quenching test. An amount of 0.5 mL of the extract solution was added to 3 mL of a 10 −4 M methanolic solution of DPPH and vortex-mixed. After 20 min of incubation, the absorbance was measured at 515 nm [17] and antiradical action toward DPPH radical was estimated from the difference in absorbance with or without a sample (control) and the percent of inhibition was calculated from the following equation:
[(Absorbance of control − Absorbance of test sample)/Absorbance of control] × 100.
RESULTS AND DISCUSSIONS
Memecik and Ayvalik olive oil quality parameters and oxidative stability values are presented in Table 1 . Quality parameters of FFA, PV, and specific absorbances at 232 and 270 nm were within the limits of IOOC regulation for VOO. [23] Both oils can be classified as VOO as their FFA contents were less than 0.8%. Fatty acid compositions of the oils were identical and the contents of all fatty acids were also within the limits of corresponding regulation. As well as fatty acid composition, PI of the oils are very similar to each other because it was calculated from fatty acid composition. Our results showed similarity with results of Diraman et al., [24] Diraman et al., [25] and Ogutcu and Yılmaz. [26] Furthermore, MI of olives from Memecik and Agvalik cultivars was calculated as 4.00 and 3.90, respectively. MI of olive cultivars was similar.
Total phenol content of VOO's from Memecik and Ayvalik cultivars were 101.25 and 66.36 mg caffeic acid/kg oil, respectively. According to these results, VOO of Memecik cultivar showed higher total phenol content VOO than that of Ayvalik cultivar. The authors' results were lower than Ilyasoglu et al.'s. [27] These differences may be sourced by different locations, olive ripeness, and different extraction plants. [28] o-Diphenol content of samples showed similar results with total phenol content. o-Diphenol content changed between 20.60 (Memecik oil) and 12.08 (Ayvalik oil).
Rancimat test performed at 120
• C showed that oxidative stabilities of the oils were considerably different from each other. Rancimat method determines the induction time of the oils at high temperatures, exposing the sample to air with a certain flow rate. Oxidative stability of VOO from Memecik was 12.70 h, which was quite high compared to VOO (7.36 h) of Ayvalik (Table 1 ). Similar differences in the oxidative stabilities of these VOOs were also observed when they were subjected to an oven test at 60
• C. Peroxide and conjugated diene values of the oils were then monitored for 4 weeks ( Table 2) .
At the end of 4 weeks, PV of the oil from Memecik cultivar increased from 8.71 to 50.82 meq O 2 /kg, while oil from Ayvalik cultivar varied from 12.37 to 116.66 meq O 2 /kg. Values are means of two measurements. A significiant difference in PV of the oils was recorded after the fourth week even though little changes in PV during the first 3 weeks were observed. PV of Ayvalik oil increased more than Memecik oil in the last week. K 232 value is an indication of changes in primary oxidation products during oxidation process and also measure of polyunsaturated hydroperoxides. K 232 value changed from 1.63 to 4.35 in Memecik oil at 60
• C after 4 weeks. However, it increased from 1.75 to 8.06 in Ayvalik oil during that time. These findings showed that oxidative stability of Memecik oil was stronger than that of Ayvalik oil (Table 2) .
Color is a unique characteristic of olive oil. Carotenoids and chlorophylls are important pigments for oil and they have strong absorptions at 430-460 nm and 550-710 nm, respectively. [29] In this experiment, changes in carotenoid (430-460 nm) and chlorophyll pigment fractions (550-710 nm) were monitored in olive oils at 60
• C for 4 weeks and the results were presented in Figs. 1 and 2 . Pigment concentration of oil from Memecik was higher than oil from Ayvalik especially in carotenoid content. The absorptions of both pigments decreased during oxidation at 60 • C. Carotenoid fractions decreased faster than chlorophyll fraction during oxidation. A greater reduction was observed in the pigments of Ayvalik oil, particularly in its carotenoid fractions (Figs. 1 and 2) . Ceballos et al. [30] showed that carotenoid fractions of oils were affected by oxidation more than chlorophyll fractions and loss of pigment concentration associated with oxidation stability. Increasing loss of carotenoid fractions, decreased oxidation stability. This case may be associated with carotenoid oxidative degradation products. These products may react with lipids to accelerate oxidation. In this respect, the authors' findings were in agreement with the results of Ceballos et al. [30] Antiradical activity of phenolic fraction from oil samples was determined by DPPH method. Both RSA activity of phenolic fractions of oils changed as olive cultivar. Memecik oil had more effective RSA than Ayvalik oil did (Table 1) . Both Rancimat, oven test and antiradical activities data of our work showed that Memecik cultivar oil was more resistant to oxidation than Ayvalik cultivar oil, although quality and compositional parameters except color pigments, total phenols and o-diphenols were similar. Total phenol and o-diphenol contents changed as olive cultivars. Memecik oil had higher stability according to Ayvalik oil because Memecik oil contains higher total phenol and o-diphenol contents contribute to antioxidant activity. These relations between oxidation stability, antiradical activity, total phenol, and o-diphenols confirm those reported by some researchers. [31] [32] [33] 
CONCLUSION
The study of the quality characteristics of the Memecik and Ayvalik virgin olive oils are of great interest to the local industrial sector, the international olive oil business, and the final consumer. Some quality parameters of these oils were similar and fell within the limits established for the "extra-virgin" olive oil category. But oxidation stability and antiradical activity of these cultivar oils were different between them. The data from the present study emphasized the importance of higher oxidation stability in Memecik cultivar oils than Ayvalik cultivar oils. Memecik olive oil has a high total phenol and o-diphenol content, a strong antioxidant activity, and a strong oxidation stability. However, Ayvalık oil has a weak oxidation stability and antioxidant activity according to Memecik oil. These results improve knowledge of oxidation stabilities of these two important olive oils that could help to predict the shelf life of oils growing in same location. Ayvalik oils from different locations could be used in further studies and compared with Memecik oils. These studies on this cultivar will include the determination of changes of phenolic compounds according to location as well as their role in oxidation stability and antioxidant activity.
